while controlling for psychopathology and medication status (ps < 0.05). No differences were found on emotional face recognition between NSSI and SA groups. Secondary analyses showed that compared to inpatients without major depression, those with major depression made fewer errors on adult sad face recognition even when controlling for group status (p < 0.05). Further, compared to inpatients without generalized anxiety, those with generalized anxiety made fewer recognition errors on adult happy faces even when controlling for group status (p < 0.05). Adolescent inpatients engaged in NSSI showed greater deficits in emotional face recognition than TDC, but not inpatient adolescents who attempted suicide. Further results suggest the importance of psychopathology in emotional face recognition. Replication of these preliminary results and examination of the role of context-dependent emotional processing are needed moving forward.
Introduction
Globally, suicide is the second leading cause of death among youth of 15-19 years, and is the third-leading cause of death of youth aged 15-24 years in the United States (US) making suicide a significant public health concern [1] [2] [3] [4] . In fact, worldwide at least 100,000 youth kill themselves each year [5] . According to the Centers for Disease Control Youth Risk Study (2011), 7.8 % of US high school students report at least one suicide attempt in the past 12 months, and approximately 16 % have seriously considered suicide in the past year [1] . Numerous risk factors Abstract Little is known about the bio-behavioral mechanisms underlying and differentiating suicide attempts from non-suicidal self-injury (NSSI) in adolescents. Adolescents who attempt suicide or engage in NSSI often report significant interpersonal and social difficulties. Emotional face recognition ability is a fundamental skill required for successful social interactions, and deficits in this ability may provide insight into the unique brain-behavior interactions underlying suicide attempts versus NSSI in adolescents. Therefore, we examined emotional face recognition ability among three mutually exclusive groups: (1) inpatient adolescents who attempted suicide (SA, n = 30); (2) inpatient adolescents engaged in NSSI (NSSI, n = 30); and (3) typically developing controls (TDC, n = 30) without psychiatric illness. Participants included adolescents aged 13-17 years, matched on age, gender and full-scale IQ. Emotional face recognition was evaluated using the diagnostic assessment of nonverbal accuracy (DANVA-2). Compared to TDC youth, adolescents with NSSI made more errors on child fearful and adult sad face recognition Electronic supplementary material The online version of this article (doi:10.1007/s00787-015-0733-1) contains supplementary material, which is available to authorized users.
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have been associated with a suicide attempt (SA)-defined as an act of self-injury with at least an inferred intent to die-in adolescents, including female gender, increased age, socioeconomic disadvantage, exposure to trauma or stressful life events, previous SAs, and the presence of major depressive disorder (MDD), anxiety disorders and substance/alcohol use [6] [7] [8] [9] [10] [11] [12] [13] .
However, SA reflects only one type of self-injurious behavior (SIB) in adolescents. Another form of SIB is nonsuicidal self-injury (NSSI)-defined as the direct, deliberate infliction of pain and tissue damage by an individual on his or her own body in the absence of suicidal intent [14] . The most common form of NSSI is self-cutting generally on the arms, legs and stomach [14, 15] . NSSI is even more common than SA, with studies of community-based adolescents in the US reporting rates ranging from 13 to 45 % with rates rising to 40-80 % in psychiatrically hospitalized adolescents [16] [17] [18] [19] . Similarly, results from the Child and Adolescent Self-harm in Europe (CASE) study showed that 13.5 % of females and 4.3 % of males of ages 14-17 years reported engaging in deliberate self-harm [20] . Several risk factors have been associated with NSSI in adolescence including: a history of childhood abuse, negative attributional style, parent-child difficulties, peers who engage in NSSI, a previous history of NSSI, and the presence of psychopathology [13, 14, [21] [22] [23] [24] .
Despite the significance of adolescent SA and NSSI, little research has focused on clarifying the unique versus overlapping mechanisms involved in SA versus NSSI. In particular, research examining emotional disturbances (e.g., emotional valence disturbances, disturbances in emotional intensity and regulation and emotional disconnectedness) have been shown to predict the correlates and course of psychopathology above use of traditional diagnostic categories suggesting the importance of understanding specific forms of emotional disturbances more clearly [25] . One form of emotional disturbance that may be particularly important in SA and NSSI is emotional face recognition ability as individuals who attempt suicide as well as those who engage in NSSI report significant interpersonal impairments and social communication difficulties [16, [26] [27] [28] . Interpersonal theories of self-injury suggest that self-injurious behavior can in fact act as a form of communication for certain individuals, particularly when more traditional forms of communication appear ineffective, therefore, emphasizing the importance of better understanding emotional face recognition an important aspect of social communication in this population [29] [30] [31] . Emotional face recognition-the ability to correctly identify another person's emotional facial expression (i.e., social cognition)-is one of the most fundamental skills required for human social interactions [32] [33] [34] . As such, emotional face recognition provides a window into the other person's internal (i.e., emotional) state, and subsequently informs how we should act with that individual. Disturbances in emotional face recognition can therefore contribute to poor social cognition including social skills deficits and impaired social interactions [35, 36] . From a neurobiological perspective, emotional face recognition involves both top-down cortical regulation of attention and processing of visual stimuli plus bottom-up evaluation of emotionally evocative stimuli [37, 38] . Therefore, studying emotional face recognition allows for the examination of brain-behavior interactions underlying social cognition as well as alterations in these processes associated with psychiatric disorders and symptoms such as SA and NSSI [39] [40] [41] . Yet to date, no research has examined emotional face recognition ability in youth with either SA or NSSI.
A significant body of literature has shown aberrant emotional face recognition in children and adolescents with psychiatric disorders including MDD and generalized anxiety disorder (GAD) [42] [43] [44] [45] . For example, both boys with MDD and boys at-risk for MDD (i.e., have a parent with MDD) identify sad faces at lower levels of intensity on a multi-morph task, in which the intensity of emotional face intensity is varied from neutral to 100 %, compared to boys at low familial risk for MDD [45] . Similar results are shown for girls at-risk for depression who demonstrate a bias towards negative facial expressions compared to either girls at low familial risk or typically developing control (TDC) girls [46] . Furthermore, compared to males with a history of MDD without a suicide attempt and TDCs, males with a history of MDD and suicide attempt show aberrant neural activity to angry and happy faces suggesting an increased sensitivity to disapproval and reduced attention to positive emotional stimuli [26] . Regarding anxiety, an attentional bias toward threatening stimuli such as angry or fearful faces is demonstrated by individuals with diagnosed anxiety disorders or high levels of trait anxiety [42, [47] [48] [49] [50] . For example, adults with high levels of selfrated trait anxiety showed better recognition of fearful face expressions than those with low levels of trait anxiety [47, 48] . Similarly, Roy et al. found that children with anxiety disorders showed a greater attentional bias towards angry, but not happy, faces compared to healthy controls [50] . When examining emotional face recognition ability, children with anxiety make more total recognition errors on adult faces compared to children without anxiety [42, 49] . Taken together, these studies indicate the importance of further probing emotional face processing in relation to psychopathology, including NSSI and SA, especially in the context of mood or anxiety disorders.
To address these gaps in the literature, we examined emotional face recognition ability among three mutually exclusive groups of adolescents: (1) psychiatric inpatients who attempted suicide (SA group); (2) psychiatric 1 3 inpatients who engage in NSSI (NSSI group); and (3) typically developing controls without psychiatric illness (TDC group). We focused on adolescence because it has been identified as a developmental period of critical risk for the development of NSSI [14] . Furthermore, we recruited both patient groups from an inpatient setting to minimize potential recruitment bias that would be inherent if groups were recruited from different levels of care (i.e., if SA participants were inpatients but NSSI participants were outpatients).
In the absence of previous studies comparing emotional face processing ability among adolescents engaged in either SA or NSSI behaviors, but not both, we hypothesized that the SA group would have greater impairments in emotional face recognition (i.e., more errors) than the NSSI group for the following reasons. First, studies suggest that SA is a more severe form of SIB associated with greater levels of impairment, including deficits in emotional face processing [51, 52] . Second, triggers of SA are often of the social nature (e.g., difficulty with a close friend or partner or loss of social status, etc.) suggesting that response to the social environment, including interpreting emotional faces, may be particularly salient in understanding SA [26] . Third, compared to healthy controls, adult SAs demonstrate aberrant neural activation when processing negative emotional faces [53] .
Given high rates of both MDD and GAD in our sample and prior literature demonstrating aberrant emotional face processing in these populations, as a secondary aim we examined the role of MDD and GAD on emotional face recognition ability. We hypothesized that adolescent inpatients with MDD would demonstrate greater deficits in emotional face recognition, including a bias for sad face identification compared to those without MDD. Additionally, we hypothesized that inpatients with GAD would make fewer errors on fearful faces than those without GAD, given prior literature suggesting that anxious children and adults selectively attend to threatening stimuli [49, 50] .
Methods and materials

Participants
Three mutually exclusive groups of participants aged 13-17 years were enrolled in an Institutional Review Board approved research study conducted at Bradley Hospital: (1) psychiatric inpatients who attempted suicide; (2) psychiatric inpatients who engaged in NSSI and (3) communitybased TDCs. Adolescents in the SA or NSSI groups were admitted for inpatient psychiatric care at Bradley Hospital, a free-standing child and adolescent psychiatric hospital in Rhode Island. Recruitment procedures involved daily chart reviews of new psychiatric inpatients, and if eligible participants were identified, research staff presented the protocol to adolescents and their guardian(s). TDC participants were recruited from the community through advertisements distributed to physicians' offices or posted online and in local businesses.
This research study was approved by both the Bradley Hospital Institutional Review Board (IRB) and the Brown University IRB. After the purpose and procedures of the study were explained to participants and their parent/guardians, informed written consent was obtained from the parents/legal guardians and written assent was obtained from all participants.
For all groups, inclusion criteria were: (1) age between 13 and 17 years; (2) English fluency; and (3) a consenting parent/guardian. Exclusion criteria were: (1) Wechsler Abbreviated Scale of Intelligence Full-scale IQ (WASI FSIQ) ≤70; (2) Autism Spectrum Disorders or primary psychosis due to concerns about ability to complete behavioral testing; and (3) any history of significant head trauma or neurological deficit [54] .
SA group (n = 30) inclusion criteria were: (1) having made at least 1 suicide attempt within the past 30 days. A suicide attempt was defined as an action, regardless of lethality, completed with intent to die [55] . SA participants were excluded for any lifetime history of NSSI (defined below). The majority of SA participants attempted suicide via overdose (n = 27); however, alternative methods included hanging (n = 1), suffocation (n = 1), entering traffic (n = 1) or a combination of these methods (n = 3).
NSSI group (n = 30) inclusion criteria were consistent with Diagnostics and Statistics Manual 5th version (DSM-5) criteria for NSSI: (1) having engaged in at least one instance of NSSI-defined as the purposeful destruction of one's body without the intent to die-within the past 30 days and (2) a minimum of 5 days of NSSI within the past year [23, 56, 57] . NSSI participants were excluded for any lifetime history of SA. Within the NSSI group, all participants (n = 30) reported primarily engaging in self-cutting behaviors; however, secondary forms of NSSI, including burning or erasing skin (i.e., using an eraser to rub skin creating a burn mark), hitting or biting oneself, pulling one's hair out, and wound/skin picking, were reported by 93 % (n = 28) of the NSSI sample.
TDC group (n = 30) inclusion criteria were: (1) absence of current or lifetime psychiatric illness or substance abuse/ dependence; (2) absence of current or lifetime history of NSSI; and (3) absence of first-degree relatives with a diagnosed psychiatric illness.
Groups were age, gender and IQ-matched (to within 1 SD = 15 points) to avoid potential confounds in 1 3 computerized emotional face recognition. Demographic characteristics of the sample by group can be seen in Table 1 .
Measures
Psychiatric diagnoses and symptoms
Participants were evaluated for categorical psychopathology using the Child Schedule for Affective Disorders and Schizophrenia, Present and Lifetime Version (KSADS-PL), a semi-structured diagnostic interview administered by either a board-certified child/adolescent psychiatrist (DPD) or licensed clinical psychologist (KLK; κ > 0.85) [58] . Parental assessment of adolescent psychopathology and functioning was obtained via the child behavior checklist (CBCL) due to logistical constraints of using the KSADS-PL with an inpatient population (e.g., shorter lengths of stay, relatively limited access to other family members) [59] .
SIB characteristics
Participants in both the SA and NSSI group were interviewed using the Self-Injurious Thoughts and Behaviors Interview (SITBI), a structured interview to assess the presence, frequency and severity of NSSI, SA and suicidal ideation [60] .
DANVA-2 emotional face recognition task
Emotional face recognition ability was assessed using the diagnostic analysis of nonverbal accuracy (DANVA-2) [61, 62] . The DANVA-2 is a computer-based behavioral task in which participants are asked to identify, via forcedchoice [happy, sad, angry, or fearful], the facial emotion being expressed on the computer screen by either a child or adult actor. The DANVA-2 comprised two subtests one with child faces (24 stimuli), and the other with adult faces (24 stimuli). Each subtest includes 24 standardized, static 
Currently taking psychotropic medication
Other anti-depressant 7 % (2) 13 % (4) -
photographs of models (12 male, 12 female) displaying one of four facial emotions (happy, sad, angry, fearful) at one of two levels of intensity (high and low). Therefore, in each subtest (child; adult) there are 6 representations of each of the 4 emotions. Faces were presented for 2 s, and participants were instructed to choose which of the four emotions listed was expressed in the photograph. Both DANVA-2 subtests have been standardized and demonstrate adequate construct validity, internal reliability (Cronbach α = 0.64-0.81), and test-retest reliability [61, 62] . Outcome variables for each subtest include: errors on happy, sad, angry and fearful faces, and errors at each intensity level (e.g., child face low-intensity errors).
Data analytic plan
IBM Statistical Package for Social Sciences (version 21.0.) [63] was used for examination of variable normality and participant characteristics. Examination of dependent variables (e.g., child total face errors, child face errors by emotion type, adult total face errors and adult face errors by emotion type) demonstrated that variables were nonnormally distributed according to Shapiro-Wilk statistics. Therefore, given this skew, which is typical of summed scores, we scored performance on the DANVA-2 subscales using Rasch measurement methods. Prior studies utilizing behavioral tasks to examine emotional processes have employed Rasch models for non-normally distributed data [64] . Rasch measurement assumes a continuous latent construct underlies observed item responses, and provides a method for estimating an individual's level on those constructs. As such, a latent trait score was derived for each subscale of the eight DANVA-2 (e.g., [happy, sad, angry fearful] × [child, adult]). For Rasch modeling, MPlus software [65] was used to generate the latent trait estimates, and Rasch measurement models were approximated by imposing a single factor measurement model to child versus adult × emotional response items (i.e., 8 models, 8 subscale scores). Fit of the single factor model was evaluated using a multivariate probit weighted least squares estimator, and latent trait estimates were generated via a multivariate logit maximum likelihood estimator. Goodness of fit for each model was assessed using the comparative fit index (CFI) in which values range from 0 to 1 and values greater than 0.95 are considered good, and the root mean squared error of approximation (RMSEA) fit index in which the RMSEA value of less than 0.06 indicates good fit with values closer to zero indicating improvement in fit [66, 67] . Five of eight measurement models had good fit statistics (CFI >0.94, RMSEA <0.06): child happy, child angry, adult angry, adult sad, and adult fear. Although, child happy had a poor fit by RMSEA probably due to an extreme floor effect. The other scales did not fit well (child sad, child fear, and adult happy).
Group comparisons were conducted using linear regressions with the Rasch scores for each subscale used as the dependent variable and group as the independent variable. Given high rates of comorbid psychopathology (MDD, GAD) and psychotropic medication use, these variables were included as covariates. Secondary and exploratory analyses also utilized logistic regression using Rasch scores. For all analyses significance was set at p < 0.05, and effect size statistics are expressed as Cohen's d in which values between 0.2 and 0.5 are small, 0.5-0.8 are medium, and effects greater than 0.8 are large [68] .
Results
Preliminary analyses
As groups were matched on age, gender and FSIQ, no group differences were found on these variables (Table 1) .
Psychiatric diagnoses and symptomatology
SA and NSSI groups were compared on current (past 6 months) KSADS psychiatric diagnoses, and results showed that adolescents in the NSSI group had higher rates of major depressive disorder [χ 2 (1,N = 60) = 4.32, p < 0.05], but groups did not differ in terms of rates of other diagnoses (Table 1) Table 1) .
Psychotropic medication
Adolescents in the NSSI group were more likely to be taking medication than those in the SA group [χ 2 (1,N = 60) = 5.46, p < 0.05] with selective serotonin reuptake inhibitors (SSRIs) being the most commonly prescribed class of medication (Table 1) .
Primary analyses
Comparison of SA, NSSI and TDC groups on emotional face recognition controlling for Co-morbid MDD, GAD and medication status
Group comparisons for child and adult emotional face recognition variables are presented in Table 2 .
Examination of child emotional faces showed a significant group difference such that adolescents in the NSSI group made more recognition errors for child fearful faces than TDC youth (d = 0.22, p < 0.05). NSSI and SA groups did not differ on child fearful face identification nor did the SA versus the TDC group (Fig. 1) . No group differences were shown for child happy, sad or angry face recognition. Examination of adult emotional face recognition showed a significant group difference between the NSSI and TDC group on adult sad faces in which adolescents in the NSSI group made significantly more recognition errors for adult sad faces than TDC adolescents (d = 0.28, p = 0.02) (Fig. 2) . NSSI and SA groups did not differ on adult sad face recognition. SA and TDC groups did not differ on adult sad face recognition errors. No group differences were shown for adult happy, angry or fearful faces.
To probe the effect of emotional face intensity (highversus low-intensity face stimuli) on group comparisons, we conducted logistic regressions to examine differences in the probability of incorrect responses given high versus low-intensity faces. We found that relative to controls, the SA group was less likely to make errors on high-intensity face items (OR 0.6, 95 % CI 0.3-0.9; p = 0.02). No differences were found comparing the NSSI and TDC (p = 0.09) groups or SA and NSSI groups (p = 0.33) on high-intensity face items.
Given the prior literature showing aberrant emotional face processing in children with mood and anxiety disorders, and the high rates of MDD and GAD within out inpatient sample (i.e., combined NSSI and SA groups), we conducted secondary analyses to examine the role of MDD and GAD on emotional face recognition within our sample.
Secondary analyses evaluating inpatients with and without MDD
Of our SA and NSSI groups, 83 % (n = 50) met criteria for MDD while 17 % (n = 10) did not. No significant group differences were found on child happy, angry, sad or fearful faces. On adult faces, results showed that adolescents with MDD made significantly fewer recognition errors on adult sad faces than adolescents without MDD (d = −0.71, p = 0.04). No group differences were found on adult happy, angry and fearful adult faces (Table 3) .
Secondary analyses evaluating inpatients with and without GAD
Of the SA and NSSI groups, 70 % (n = 50) met criteria for GAD while 30 % (n = 18) did not. Inpatients with and without GAD did not differ on age [F(1,58) = 0.02, p = 0.90], or gender (p = 0.76); however, inpatients with GAD had higher FSIQ scores than those without GAD (GAD = 107.78 ± 9.34; without GAD = 101.60 ± 10.03), [F(1,58) = 3.75 p = 0.06]. 
p<0.05
No significant group differences were found for child happy, sad, angry or fearful face recognition.
On adult faces variables, a significant group difference was found for errors on adult happy faces (d = −0.76, p = 0.02). Specifically, adolescents with GAD made fewer recognition errors on adult happy faces than adolescents without GAD.
Discussion
To the best of our knowledge, our study is the first to evaluate emotional face recognition in adolescent psychiatric inpatients who either attempted suicide or engaged in NSSI. Our primary finding is that inpatient adolescents engaged in NSSI make more emotional face recognition errors for child fearful faces and adult sad faces compared to TDC youth. However, there is no difference in emotional face recognition ability between inpatient adolescents engaged in NSSI versus those who attempt suicide. Consistent with previous research, our secondary analyses showed the importance of categorical diagnoses, including MDD and GAD, on emotional face recognition [42, 46, 48, [69] [70] [71] . Further work is required to determine if our lack of between-group differences in emotional face recognition in adolescents engaged in SA vs. NSSI represents a true null finding, or if they suggest the importance of contextdependent emotional states (e.g., psychiatric hospitalization vs. real-world settings). Furthermore, in addition to behavioral findings, there is a need to examine the neural underpinnings behind emotional face recognition in adolescents engaged in SA or NSSI.
Our primary analyses revealed significant differences in emotional face recognition between inpatient adolescents engaged in NSSI compared to TDC youth, but not inpatient adolescents who have attempted suicide. While there have been no studies of emotional face recognition in individuals who engage in NSSI, our results are consistent with the broader theoretical and empirical literature about NSSI in adolescents. Specifically, theoretical models of NSSI have posited, among other reasons, that individuals engage in NSSI as a means of social communication-a way to gain attention or influence another's behavior [72, 73] . Further, empirical studies have shown that individuals who engage in NSSI display deficits in social communication skills including impaired social problem-solving, poor verbal skills, and alexithymia [27, 29, 74] . Therefore, it is not surprising that individuals engaged NSSI also demonstrate deficits in emotional face recognition, a critical social communication skill. Interestingly, NSSI often begins between the ages of 12 and 14 years, a period of intense social development [75] . It may be that adolescents with social communication deficits, including difficulties with emotional face recognition, engage in NSSI behaviors as an alternative means of communication. Additional research is needed to better understand the relationship between impairments in emotional face recognition and broader social communication deficits in individuals with NSSI.
In a similar vein, our results can be interpreted within the context of Joiner's (2005) [30] interpersonal theory of suicide which proposes that an individual will not die by suicide unless he/she has both the desire to die by suicide and the ability to do so. Specifically, in order to commit suicide an individual must have the "acquired capacity for suicide" which includes the ability to overcome the pain and fear associated with suicidal behaviors. Joiner has suggested that engagement in NSSI behaviors may increase this acquired capacity by desensitizing an individual to the fear and pain associated with suicidal self-harm behaviors which has been supported with empirical evidence [76] . Moreover, Joiner suggests that suicidal desires increase when an individual feels a sense of "thwarted belongingness"-the psychologically painful mental state that results from a fundamental need for connectedness [77, 78] . Our results showing that compared to TDC participants NSSI participants display deficits in emotional face identification could suggest a mechanism by which feelings of social isolation and thwarted belongingness develop. That is, if an individual who engages in NSSI misinterprets the social cues of people around him/her, particularly angry or fearful faces as our data suggest, then he/she may attribute incorrect emotional responses to those around him/her leading to feelings of isolation or lack of belonging. In turn, this sense of thwarted belongingness could increase his/her risk for attempting suicide. Of course, this hypothesis requires empirical testing, and in our study we did not specifically measure thwarted belongingness (e.g., Interpersonal Needs Questionnaire [79] ), but such a study could provide a means by which some individuals who engage in NSSI go on to attempt suicide. While our results showed emotional face recognition differences between the NSSI and TDC groups, no differences were found between the NSSI and SA groups. To the best of our knowledge, only Pan et al. have evaluated brain/ behavior interactions underlying emotional face recognition in relation to SA [43] . Comparing depressed adolescents with and without a history of SA, Pan et al. did not find differences in behavioral performance using a face morphing task. However, their results showed that depressed adolescents with a history of SA had significantly greater activation in the dorsolateral prefrontal cortex, dorsal anterior cingulate gyrus, bilateral primary sensory cortices and middle temporal gyrus when viewing angry faces at 50 % intensity compared to depressed adolescents without a history of SA [43] . These results suggest there may be differential neural efficiency between adolescents with and without a history of SA when processing emotional stimuli. Since neither this study, nor others, have examined the neural correlates of emotional face processing in NSSI, studies are needed to address this gap in the literature and to compare neural activation during emotional face processing in adolescents with NSSI compared to SA.
Given our well-matched groups, our data may suggest a true null finding, but it is also possible that our results represent type II error. Although our sample size may be relatively large compared to other studies of SA and NSSI adolescents, the overall sample size is small and our failure to find a clear signal to find group differences is likely a reflection of type II error. That is to say, we were powered to detect only large effects as statistically significant (d ≥ 0.73). In many cases we observe effects as large or larger, but due to non-normality and skew in outcomes and covariates, are unable to rule out chance as a possible cause of the observed differences. In fact, it may be that there are greater differences in emotional face recognition between the SA and NSSI groups, but they are context-dependent effects. Specifically, is it possible that the brain/behavior underpinnings of emotional face recognition differ between adolescents engaged in SA vs. NSSI when in their typical setting (i.e., home), that have normalized during the course of inpatient hospitalization, when they are removed from stressors and triggers (i.e., peers, parents, school). Along these lines, many have hypothesized that self-injurious behaviors, including NSSI and SA, function as maladaptive emotion regulation strategies used to alleviate or reduce negative emotional experiences [73, [80] [81] [82] . Research with depressed youth suggests that high levels of negative affect may occur only in certain contexts [83] . Regarding emotional face processing, the research has shown both stateand context-dependent changes in ability. For example, treatment with antidepressant medication has been shown to attenuate aberrant amygdala responses to negative face emotions in individuals with depression [84] [85] [86] . Moreover, in an 8-week treatment study of sertraline in individuals with depression, results showed an enhanced neural response in the pregenual anterior cingulated cortex to happy faces posttreatment suggesting that positive emotional stimuli may become more reinforcing with pharmacological treatment [86] . When we examined the specific effects of SSRIs (vs. psychotropic medication more generally) on emotional face processing (Online Supplement), our results were largely the same. One difference was that controlling for SSRIs ameliorated the group differences originally shown between the NSSI and TDC groups on child fearful faces. Further, a new finding emerged such that adolescents with SA made slightly more adult sad face errors than TDC children. These results may suggest that SSRIs, more so than other psychotropic medications, may help reduce emotional face processing deficits in adolescents struggling with mood difficulties. To date, the specific mechanism by which psychotropic medications, including SSRIs, affect emotional face processing is unknown suggesting that additional studies are warranted. Additionally, numerous studies have documented the reduction in clinical symptoms during psychiatric hospitalization in children implicating the importance of context. For example, prior work by Dickstein et al. has shown that 45 % of children with severe mood dysregulation (SMD), which is characterized by chronic irritability, made significant clinical improvement during psychiatric hospitalization; therefore, not requiring the addition of medication [87] . Given the importance of context on both emotional face processing and adolescent mood, moving forward, it will be important to examine emotion regulation, including emotional face processing ability, while adolescents are in their typical environment (home/school) rather than during an inpatient hospitalization. Use of ecological momentary assessment as a means of collecting data throughout the day in real time in an individual's natural environment could help advance what is known about variations in emotional face recognition ability in relation to mood, context and treatment.
Secondary analyses revealed that adolescents with MDD made fewer errors on adult sad faces than adolescents without MDD suggesting a possible bias for sad faces in depressed youth. This finding is consistent with prior work which showed that both boys with MDD and boys at elevated risk for MDD (i.e., by virtue of having a parent with MDD) identified sadness in faces at lower levels of intensity compared to boys at low familial risk [45] . In contrast, in a study comparing children with depression (DEP), children with comorbid depression and conduct disorder (DEP/CD), and TDCs, Schepman et al. [88] found that children with depression (in either DEP or DEP/ CD groups) did not show an overall deficit in recognizing facial expressions (i.e., no group differences). However, follow-up analyses showed that children with depression, compared to TDCs, were more likely to perceive lowintensity expressions as sad, whereas control participants were more likely to perceive low-intensity expressions as happy, suggesting a negative affective processing bias in the children with depression. Furthermore, using an Emotional Go/NoGo task utilizing emotional faces, Ladouceur et al. found that youth with MDD had significantly faster reaction times to sad faces compared to youth with anxiety disorders or TDCs indicating a disorder-specific attentional bias towards sad stimuli [71] . Despite the robust literature examining emotional face processing in individuals with and without depression, it remains unclear as to whether aberrant processing of emotional faces is a cause, or effect, of depression. Few studies have examined emotional face processing in at-risk samples of individuals with early or attenuated symptoms of depression (e.g., affective temperament characterized by low self-esteem, unhappiness, irritability, etc.) [88] . In a study examining emotional face processing and affective temperament in adults, results showed that individuals with higher scores on the affective temperament dimension had an increased tendency to identify neutral faces as negative emotional expressions compared to individuals with lower affective temperament scores. Yet, there were no group differences (between those with high vs. low affective temperament) in accuracy of identification of specific facial emotions: happy, sad, angry or fearful facial expressions. These results may suggest that biased emotional face processing (e.g., viewing neutral faces as negative) may be one mechanism by which at-risk individuals develop depression. Taken together, these studies suggest that additional work is needed to clarify whether these findings represent a bias towards sad or negative stimuli as a whole or whether these deficits are specific to emotional face processing and identification.
Regarding the role of anxiety, our finding showed that adolescents with GAD made fewer adult happy face recognition errors than adolescents without GAD. This may suggest that adolescents with GAD are more aware of the emotional expressions of adults especially ones that appear reassuring or approving-i.e., happy faces. This is consistent with the clinical profile of youth with GAD as they often worry about competency, seek reassurance from adults and struggle with uncertainty [89, 90] . It may be that inpatients with significant GAD in addition to either SA or NSSI are more attuned to the emotional facial expressions of adults as a way to avoid negative social interactions and subsequent negative emotions. Clinical features such as high conscientiousness and rule-abiding behavior may actually facilitate the social relations with adults in children with GAD [91, 92] . While our work examining the role of GAD in emotional face processing was consistent with some research, it does contrast with other behavioral studies comparing DANVA performance in adolescents with anxiety disorders vs. TDCs. For example, McClure et al. found no differences in emotional face recognition between children with anxiety compared to TDCs [93] . Additionally, Easter et al. found that adolescent outpatients with social phobia, separation anxiety and/or GAD made significantly more adult face total errors than TDCs with post hoc analyses showing that anxious adolescents were more likely than TDCs to make errors on low-intensity, but not high-intensity, adult faces [42] . Our findings may differ from prior studies due to differences in participant populations (i.e., our sample recruited based on SA and NSSI not anxiety) and levels of impairment (i.e., inpatient vs. outpatient samples). Future studies in youth with anxiety need to examine emotional face recognition ability among different diagnoses of anxiety (e.g., GAD compared to social phobia or obsessive compulsive disorder) and between inpatient and outpatient populations as behavioral markers of emotion regulation among these groups may be different.
Our study had several limitations. First, our sample may have been affected by sampling bias because we sought to enroll inpatient SAs vs. inpatient NSSIs, potentially resulting in NSSI participants being more severe than typical teens engaged in NSSI (as demonstrated by need for hospitalization despite no suicide attempt), and thus inducing Berkson's bias [94] . However, we sought to avoid the more concerning sampling bias that would result from comparing inpatient SAs to outpatient NSSIs, and wanted to enroll both groups in closest temporal proximity to their self-harm behaviors. Second, as discussed previously, our sample examined psychiatrically hospitalized youth, and while that confers the advantage of working with adolescents with clinically significant and impairing problems, it is also a limitation as inpatient responses to emotional stimuli may be more context-dependent as discussed previously. Third, our sample examined "pure attempters" and "pure non-suicidal self-injurers". However, research in clinical samples of adolescents suggest that between 14 and 70 % report histories of both SA and NSSI [9, 23, 95] . Subsequent research should examine the bio-behavioral correlates of emotional face processing including a combined NSSI-SA group. Finally, while unlikely, it is possible that our positive results may be due to chance (type I error). However, correction for multiple comparisons, especially with smaller samples can severely reduce power and result in type II error [96, 97] . As this was a pilot study, replication of our results with a larger sample is needed.
